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Pathophysiology of obstructive
nephropathy
Obstruction of the urinary tract is a common and
potentially reversible cause of acute and chronic
renal failure. Although the clinical features of ob-
structive nephropathy have been generally recog-
nized for many years, recently our understanding of
the pathophysiology of the disturbed renal function
has been enhanced by the detailed study of experi-
mental models of this disorder.
The effects of urinary tract obstruction on renal
function must be considered both during and after
relief of obstruction and are greatly influenced by
whether the obstruction is unilateral or bilateral,
acute or chronic, partial or complete. Striking
changes in renal function occur during the first 24
hours of complete unilateral (UUO) or bilateral ure-
teral obstruction (BUO) in experimental animals.
After relief of BUO, there is marked increase in so-
dium and water excretion despite the severe reduc-
tion in glomerular filtration rate (GFR), a natriuretic
state referred to as postobstructive diuresis (POD).
After relief of UUO, in contrast, there is no abso-
lute increase in sodium and water excretion, al-
though fractional excretion is greater from the post-
obstructive kidney. Acute partial ureteral obstruc-
tion causes a decrease, not an increase, in sodium
and water excretion, but the characteristic func-
tional change in chronic hydronephrosis is an inabil-
ity to conserve sodium and water. The purpose of
this review is to examine the experimental data that
clarifies selected aspects of the pathophysiology of
obstructive nephropathy.
Intrapelvic and intra renal hydrostatic pressure
Changes in hydrostatic pressure in the renal pel-
vis and individual nephrons are critical in determin-
ing the effects of obstruction on GFR, renal plasma
flow (RPF), and tubular function. In normal hu-
mans, renal pelvic pressure measured by per-
cutaneous puncture during antidiuresis is 6.5 2.1
mm Hg [1]. During the passage of a ureteral stone,
baseline pressure is elevated to 20 to 25 mm Hg and
increases to 50 to 70 mm Hg with contraction of the
renal pelvic during episodes of severe flank pain. In
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patients with chronic partial or complete unilateral
obstruction and an enlarged pelvis, the average in-
trapelvic pressure is 20 to 25 mm Hg and decreases
with increasing duration of obstruction, often to the
normal range [1]. During diuresis, intrapelvic pres-
sure is markedly increased in the partially obstruct-
ed kidney.
Micropuncture measurements of hydrostatic
pressure in renal tubules and peritubular capillaries
during acute ureteral obstruction were initially per-
formed by Gottschalk and Mylle [2]. Normal proxi-
mal intratubular pressure of 12 mm Hg was not in-
creased after 10 mm of complete obstruction in non-
diuretic rats, but it increased in direct correlation
with rising intrapelvic pressure in diuretic animals
with a maximum of approximately 40 mm Hg. High-
er intrapelvic pressure of 50 to 70 mm Hg was not
transmitted to the proximal tubules perhaps be-
cause of compression of the renal papilla. With
chronic partial obstruction (unilateral or bilateral)
of I to 3 weeks' duration, proximal intratubular
pressure was only slightly increased (17 mm Hg) [3,
4], and with mild obstruction it was normal, with a
significant increase in pressure only detected in the
distal tubule [5].
In animals with complete ureteral obstruction, in-
trapelvic pressure rises over a few minutes (depend-
ing on the state of diuresis) to reach levels of 50 to
70 mm Hg after I to 3 hours [6—8]. Interestingly, as
obstruction persists, intrapelvic pressure declines
gradually to approximately 30 mm Hg (50% of peak
level) by 24 hours and continues to decline over the
next 6 to 8 weeks to normal or low levels [9]. Proxi-
mal tubular pressure after 24 hours of complete uni-
lateral ureteral obstruction (UUO) is normal or
moderately decreased with numerous collapsed tu-
bules on the kidney surface [10, 11]; both changes
suggest an increase in preglomerular vascular resis-
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tance (afferent arteriolar vasoconstriction). This re-
sponse to prolonged (24 hours) obstruction also oc-
curs at the single nephron level, when a tubule is
obstructed with oil by micropuncture, and a de-
crease in intratubular pressure and glomerular fil-
tration pressure are observed [12]. After bilateral
ureteral obstruction (BUO), intrapelvic pressure
reaches similar initial high levels, but in contrast to
UUO, the intratubular pressure remains approxi-
mately twice normal at 24 hours [11, 13]. The higher
intratubular pressure in the BUO kidney is not due
to accumulation of urea and other solutes, for intra-
pelvic pressure in UUO rats with reinfusion of urine
from the contralateral kidney was similar to UUO
rats [14]. The response to single nephron obstruc-
tion of 24 hours' duration, with a decrease in filtra-
tion pressure, is not seen in the BUO kidney [15].
After relief of 24 hours of complete UUO, proxi-
mal intratubular pressure is normal [13] or decreased
[10, 11], but after relief of 24 hours' BUO, tubular
pressure is normal [16] or increased [13]. Renal
weight is increased 51% in BUO kidneys and only
11% in UUO kidneys [17], indicating more marked
tubular dilatation and interstitial edema in BUO.
The differences in intratubular pressure in the UUO
and BUO kidney are probably important in deter-
mining the extent of abnormalities in tubular func-
tion after release of obstruction.
The direct effect of increased hydrostatic pres-
sure on the rate of tubular fluid reabsorption has
been studied using in vitro perfusion of isolated
nephron segments. Burg and Orloff[18] found that
increased hydrostatic pressure had no effect on
fractional or absolute reabsorption in the proximal
tubule when the perfusion rate was kept constant.
In the isolated perfused cortical collecting tubule
and distal convoluted tubule, however, Gross, Imai,
and Kokko [19] found an inverse relationship be-
tween hydrostatic pressure and tubular reabsorp-
tion, the latter as indicated by the transtubular po-
tential difference. The decrease in transtubular
potential difference, and presumably tubular re-
absorption, with increased hydrostatic pressure
could be the result of either inhibition of active so-
dium transport or increased back diffusion of so-
dium caused by an increase in tubular permeability.
Helman, Grantham, and Burg [20] have shown that
transtubular electrical resistance was unchanged
when hydrostatic pressure was increased, even
though potential difference was decreased, which
favors the hypothesis that decreased reabsorption
results from inhibition of active transport rather
than increased backflux from peritubular blood to
tubular fluid.
Renal blood flow
Renal blood flow increases by about 25% immedi-
ately after complete ureteral obstruction, either uni-
lateral or bilateral [7, 21], and similar changes occur
with partial obstruction [22]. The most likely ex-
planation for this decrease in renal vascular resis-
tance is a decrease in intrinsic myogenic tone of the
resistance vessels (arterioles) in the kidney. La-
place's Law for estimation of resistance is a blood
vessel states that T = R(PV — Pev), where T is wall
tension, R is inner radius of the vessel, P. and P,
are the intravascular and extravascular hydrostatic
pressures, respectively. Increased intrarenal pres-
sure during ureteral obstruction will increase P
and decrease P, — P, the transmural pressure gra-
dient, thus decreasing wall tension and leading to
vasodilatation (increase in R). In addition to
changes in these physical factors mediating the ini-
tial vasodilatation after ureteral obstruction, it ap-
pears likely that vasodilator prostaglandins may be
involved, as discussed subsequently.
As complete ureteral obstruction persists, renal
blood flow begins to decrease and by 24 hours is
40% and 50% of normal in dogs [21] and rats [14],
respectively, with no significant difference in the
two experimental models of UUO and BUO. Pro-
longed UUO is associated with a further decrease in
RBF to 50% of normal at 72 hours, 30% at 6 days,
20% at 2 weeks, 12% at 8 weeks [9]. Because intra-
renal (intratubular) pressure is twice normal after 24
hours of BUO and normal or decreased in UUO,
with similar decreases in RBF in both models, it is
clear that there are differences in the site of in-
creased vascular resistance in the renal cortical
blood vessels, with an increase in postglomerular
resistance suggested in BUO and preglomerular re-
sistance in UUO.
After relief of 24 hours of UUO, RBF measured
with a flow meter in the awake dog returns to 60%
of normal [6]. Measurements of RBF by PAH ex-
traction in the anesthetized hydropenic rat after re-
lief of UUO and BUO were 33% and 35% of control
[11, 23], but in another study RPF was normal after
BUO [16]. RBF in the awake rat, measured during
mild volume expansion and with microspheres, was
approximately 78% and 60% of control values after
relief of 24 hours of UUO and BUO, respectively
[17]. Filtration fraction was similarly reduced in
both models, although marked POD was present in
BUO but not in UUO.
Intrarenal distribution of blood flow has been
studied in partial UUO by using radioactive micro-
spheres [22, 24, 25]. During the initial phase of in-
creased total renal blood flow, there is a relative de-
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crease in outer cortical and increase in inner corti-
cal blood flow, as has been observed in other states
of renal vasodilatation. Similar redistribution of
blood flow may persist after 24 hours of complete
UUO in the dog [6] and in the rat [26], but this has
not been observed consistently in the latter [14].
Moreover, no difference between BUO and UUO is
seen in this species [14]. After relief of 24 hours'
complete obstruction in anesthetized hydropenic
rats, persisting outer cortical ischemia has been de-
scribed in UUO [23, 26] with return to a normal pat-
tern in BUO [16, 26]. In awake rats, however, there
was no difference in blood flow distribution be-
tween the two experimental models [17], although
marked postobstructive diuresis occurs only after
relief of bilateral obstruction.
Inner medullary plasma flow progressively de-
creases during complete ureteral obstruction and is
more markedly decreased than cortical blood flow
after 24 hours, being 10% and 20% of normal in
BUO and UUO, with BUO being significantly lower
[8]. Inner medullary plasma flow returns to 80 to
100% of control values within 2 hours after relief of
UUO or BUO [8] and was actually 60% above nor-
mal in one study [27]. Reversible inner medullary
vascular obstruction has also been demonstrated
histologically in UUO [28]. These changes in med-
ullary blood flow may be important in the impaired
sodium and water reabsorption in deep nephrons
and collecting ducts of the postobstructive kidney.
In summary, total renal blood flow, after an initial
increase for ito 2 hours, appears to be decreased to
a similar extent in UUO and BUO prior to release of
24-hour obstruction, with variable changes in cor-
tical blood flow distribution and a marked decrease
in medullary plasma flow. RBF increases towards
normal immediately after relief of BUO and UUO in
association with the persisting decrease in GFR.
Outer cortical ischemia may be more marked after
relief of UUO than it is after relief of BUO, but nei-
ther this abnormality nor differences in filtration
fraction appear to be essential factors in the post-
obstructive diuresis seen after BUO but not after
UUO.
Glomerular filtration rate
During acute partial ureteral obstruction, GFR
may increase, remain unchanged, or decrease, de-
pending on the severity of the obstruction and the
diuretic state or ECF volume status of the animal
[29-31]. Elevation of ureterai pressure to 20mm Hg
in plasma-expanded rats was associated with a 15%
decrease in single nephron GFR (SNGFR), which
was due to increased intratubuiar pressure (P1) and
the resulting decrease in filtration pressure (Pg). Il
hydropenic rats, on the other hand, a similar de-
crease in SNGFR was the result of a decrease in Kf,
the ultrafiltration coefficient, because the increase
in P was offset by an increase in Pg [32]. In a model
of mild chronic partial obstruction of 4 weeks' dura-
tion in which GFR was not significantly decreased,
a decrease in Kf has also been reported in associa-
tion with an increase in Pg, which resulted in no
change in SNGFR [5]. During other studies of
chronic partial UUO for 4 days to 4 weeks [3, 33-
36], GFR in the dog and rat was variably reduced to
20 to 70% of normal, but the factors responsible
were not determined.
Glomerular filtration dynamics have also been
measured directly by micropuncture during the first
1 to 2 hours after complete UUO [37]. Despite the
absence of urine excretion, SNGFR was 80% of
normal at this time, the decrease having been
blunted by a rise in glomerular filtration pressure
and glomerular plasma flow, presumably secondary
to afferent arteriolar dilatation. After 24-hour UUO,
SNGFR was 30% of normal due to a marked de-
crease in filtration pressure and glomerular plasma
flow secondary to afferent arteriolar vasoconstric-
tion [38]. Earlier studies had also shown that stop-
flow glomerular pressure was reduced after 24-hour
UUO [10, 13] but was normal in the 24-hour BUO
kidney [16], suggesting a postglomerular site for the
increased vascular resistance and decreased renal
blood flow in the latter model. The basis for this
potentially important difference between BUO and
UUO has not been determined but may depend on
differences in the balance between vasodilator and
vasoconstrictor hormones acting within the kidney.
After the relief of 24-hour UUO, GFR was 42% of
control in the dog [6] and 20% of control in the rat
[10, 23], in both cases indicating a decrease in fil-
tration fraction in the UUO kidney. Jaenike [10]
first observed that the decreased GFR after relief of
UUO was associated with a decrease in stop-flow
glomerular filtration pressure and that vasodilators
or volume expansion markedly augmented filtration
rate and filtration pressure, suggesting that preglo-
merular vasoconstriction was responsible. Recent
findings using direct measurements confirm that
SNGFR remains 30% of normal 1 to 2 hours after
relief of UUO due to persistent afferent arteriolar
vasoconstriction [38].
During the postobstructive diuresis after relief of
BUO, GFR was markedly decreased in the rat to
10% to 20% of normal [11, 16], and stop-flow gb-
merular pressure was modestly decreased [13]. Be-
cause renal blood flow was near normal and be-
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cause vasodilators had no effect on GFR, it was
suggested that the BUO kidney undergoing POD, in
contrast to UUO, was vasodilated, with decreased
resistance in the efferent glomerular arterioles as
the possible hemodynamic abnormality responsible
for decreased GFR [16]. More direct studies of gb-
merular hemodynamics in BUO are required, how-
ever, before definite conclusions can be drawn.1
Nephron functional heterogeneity
The concept that individual nephrons vary in
their response to pathophysiologic stimuli, such as
increased ureteral pressure, is important for under-
standing the variation in experimental data obtained
by micropuncture of siigle nephrons and ultimately
the variation in total renal function with time and
among individual animals. Nephron functional het-
erogeneity is a prominent feature of the 24-hour
UUO kidney, with glomerular filtration detectable
before relief in about 10% of superficial and deep
nephrons [27] and after relief in 40%, and 12% to
33% of these two nephron populations [23, 27]. Sig-
nificant but less marked heterogeneity was also
present in the BUO kidney undergoing post-
obstructive diuresis, but 70% to 80% of surface
nephrons [16, 23, 39] and 50% to 80% of deep neph-
rons have measurable filtration [23, 39]. In both
UUO and BUO, the SNGFR measured in surface
nephrons was considerably greater than were whole
kidney GFR measurements. This finding could be
explained by concluding that filtration rate in deep-
er nephrons is more markedly impaired than it is in
superficial nephrons but is probably better account-
ed for by the selection of nephrons with measurable
function for the determination of SNGFR. In the
post-UUO kidney, juxtamedullary nephron GFR
has been assessed from loop of Henle samples and
actually was affected less severely than was surface
nephron GFR (53% '. 28% of control values), sug-
gesting redistribution of filtration to deep nephrons
after release of UUO [27]. During postobstructive
diuresis in the BUO kidney, no redistribution of
SNGFR has been observed [39, 40]. Thus, it ap-
pears that neither redistribution of nephron filtra-
tion rates nor intrarenal blood flow is consistently
present during POD in the rat. The postrelease
BUO kidney has a significantly greater fraction of
nephrons with detectable filtration than does the
postrelease UUO kidney. Chronic partial unilateral
or bilateral ureteral obstruction is associated with
structural changes in the renal medulla and in-
Such a study is now available (Dal Canton et a!, Kidney mt
17:491—496, 1980).
creased nephron heterogeneity, but evidence also
suggests a disproportionate decrease in deep neph-
ron GFR as indicated by micropuncture [3] and mi-
crodissection [39] techniques.
Sodium excretion and postobstructive diuresis
During and after relief of partial obstruction.
During acute partial UUO, there is a significant de-
crease in sodium, potassium, and solute excretion,
with a decrease in urine sodium concentration and
increase in urine osmolality [30, 31, 33]. It was ini-
tially assumed that decreased sodium excretion
with increased ureteral pressure resulted from de-
creased GFR [41, 42], but studies carried out during
saline diuresis clearly indicate that with mild or
moderate increases in ureteral pressure there may
be a significant increase in tubular reabsorption of
sodium and water [30, 31]. The factors responsible
for this increase in tubular reabsorption are not
clear. It is the reverse of that which would be ex-
pected with an increase in blood flow to the jux-
tamedullary cortex known to occur during partial
UUO [22, 24, 25]. Decreased flow rate in the distal
nephron has been suggested [33]. During elevation
of ureteral pressure to 30 mm Hg, fractional reab-
sorption of fluid in the proximal tubule was not sig-
nificantly increased [43]. With an increase in proxi-
mal tubular pressure to 30 mm Hg during mannitol
diuresis, however, a rapid and reversible increase in
proximal and distal renal tubular permeability to
creatinine, mannitol, sucrose, and iothalamate, but
not inulin, was seen [44]. Although sodium trans-
port was not studied, these results suggest the pos-
sibility of either an increased efflux or decreased
back diffusion of sodium, resulting in increased net
reabsorption. The clinical importance of acute par-
tial obstruction causing decreased urine sodium
concentration and increased osmolality, and thus
mimicking prerenal oliguria due to volume deple-
tion, has been emphasized recently [45].
During chronic partial obstruction, the gradual
decrease in GFR is accompanied by an increase in
the fractional excretion of filtered sodium, in-
dicating decreased tubular reabsorption. Micro-
puncture of surface nephrons in chronic partial
UUO or BUO (solitary kidney) of the rat indicates
that increased fractional excretion of sodium is not
dependent on increased filtration or decreased
proximal tubular reabsorption in surface nephrons
but results from decreased reabsorption in the distal
tubules, in juxtamedullary nephrons, or in the col-
lecting ducts [3, 4].
After relief of chronic partial UUO in man, there
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is no increase in sodium and water excretion from
the hydronephrotic kidney although decreased con-
centrating ability and increased fractional excretion
of sodium are observed [46]. Experimental data
suggest that these changes are mainly the result of
altered function in the deep nephrons and collecting
ducts [3]. The results indicate that other factors
such as volume expansion or further reduction in
functioning nephron mass with uremia are neces-
sary in order for an increase in salt and water excre-
tion (post-obstructive diuresis) to occur following
relief of obstruction. With hypotonic saline loading,
there was a disproportionate diuresis from the hy-
dronephrotic kidney [47], which was associated
with reduced reabsorption in the distal nephron, in-
dicating that volume expansion may be a significant
factor in postobstructive diuresis even in the ab-
sence of uremia.
Mild postobstructive diuresis developed after re-
lief of chronic partial BUO in the rat, animals with a
solitary hydronephrotic kidney being used as the
experimental model [4]. In contrast to the marked
POD after relief of acute complete BUO (see be-
low), however, the modest increase in urine flow
and sodium excretion was due entirely to an in-
crease in GFR after release of obstruction, and
there was no increase in fractional sodium excre-
tion. Surface nephron GFR increased by only 20%,
and tubular reabsorption did not change significant-
ly after relief of obstruction, whereas whole kidney
GFR doubled, suggesting that there was greater im-
provement in function of deep nephrons. Animals
with a high blood urea concentration showed a
greater diuresis and decreased water reabsorption
in the distal tubule. Thus, changes in GFR and
blood urea concentration appear to be important in
determining the degree of postobstructive diuresis
after relief of chronic partial BUO. If GFR im-
proved slowly or not at all after relief of chronic
obstruction, POD would presumably be minimal.
After relief of complete obstruction. Striking ex-
amples of marked persistent natriuresis and diuresis
occurring after relief of obstruction in man are un-
common but have been associated with relatively
rapid improvement in GFR after relief of total or
severe partial bilateral obstruction. Careful clinical
studies of such patients indicate that extracellular
fluid volume expansion and urea osmotic diuresis
may both be important factors in POD [48-52]. The
kidney demonstrates a GFR that is relatively high
(50% to 70% of normal) in association with a
marked decrease in tubular reabsorption, resulting
in excretion of 10% to as high as 50%, of the filtered
load of sodium and water. Such a natriuresis and
diuresis can obviously be life-threatening. In most
instances, it has been resistant to aldosterone and
pitressin.
The rat with 24 hours' complete UUO or BUO
has been used as an experimental model to clarify
the pathophysiology of POD. In the postrelease
UUO kidney that undergoes no postobstructive
diuresis, fractional reabsorption of sodium is in-
creased in the proximal and distal tubule of surface
nephrons [23, 53], and this change, together with
the decrease in GFR and many nonfunctioning
nephrons, results in a profound decrease in delivery
of filtrate to the collecting ducts and decreased so-
dium and water excretion. Fractional excretion of
sodium, however, is increased in the post-UUO
kidney, and Buerkert et al [27] observed that frac-
tional water and sodium reabsorption was de-
creased in the ioop of Henle of deep nephrons. The
factors responsible for this change are unknown,
but higher SNGFR and tubular fluid flow rate in
deep nephrons and also the rapid increase in inner
medullary plasma flow relative to SNGFR may be
important. Reabsorption from the terminal collect-
ing duct in young UUO rats appears to be normal
[54] but, in the adult animal, reabsorption along the
entire medullary collecting duct system was absent
[55], as discussed below, and probably contributes
to increased fractional excretion of salt and water.
During the postobstructive diuresis after relief of
BUO, in contrast to UUO, tubular reabsorption of
sodium and water in the proximal tubule of surface
nephrons is normal [11] or reduced [56]. In the dis-
tal tubule of surface nephrons, sodium and water
reabsorption is consistently reduced [11, 56].
McDougal and Wright [56] demonstrated abnormal
permeability of the proximal and distal tubules to
mannitol and inulin, which could contribute to the
reduced fluid reabsorption during POD by allowing
increased back diffusion of sodium and water into
the tubule lumen. In the deep nephrons, a reduction
in sodium and water reabsorption before the bend
of the loop of Henle has been observed [40]. These
changes in reabsorption, together with a greater
percentage of functioning nephrons in the BUO kid-
ney, result in greater delivery of filtrate to the col-
lecting ducts.
Collecting duct function in the post-UUO and
BUO kidney have been compared by the micro-
catheterization technique [55]. In the post-UUO
kidney, there was inadequate delivery of filtrate to
the beginning of the medullary collecting ducts to
allow samples to be obtained. In the post-BUO kid-
ney, delivery of filtrate was less than normal but
much greater than post-UUO, and there was no sig-
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nificant reabsorption of sodium and water along the
collecting duct with net entry of sodium and water
being demonstrated. A similar defect in collecting
duct function could be demonstrated in the post-
UUO kidney when urine from the contralateral nor-
mal kidney was infused intravenously for 24 hours
causing uremia. Twenty-four hours of uremia alone
(due to continuous urine reinfusion) caused natri-
uresis but no defect in collecting duct reabsorption
[551. Thus, marked impairment or absence of col-
lecting duct reabsorption was characteristic of post-
UUO and post-BUO kidneys, with the difference in
sodium and water excretion being due to dif-
ferences in the delivery of filtrate from more proxi-
mal nephron segments.
Micropuncture studies after relief of BUO [56]
have also indicated the addition of sodium between
the distal tubule of surface nephrons and the final
urine, suggesting a marked abnormality of function
in the deep nephrons, collecting ducts, or both.
Buerkert, Head, and Klahr [40] studied terminal
(papillary) collecting duct formation in the young
rat and noted continued reabsorption of sodium and
water along this segment during postobstructive
diuresis. The difference between these findings and
those referred to above may be related to the great-
er magnitude of the natriuresis and diuresis in the
adult rat with POD, and the possibility that the 1-
mm terminal or papillary portion of the collecting
duct, where micropuncture samples are obtained,
may respond differently to ureteral obstruction than
does the longer 7- to 8-mm medullary segment of
the collecting duct. The results suggest that the pap-
illary micropuncture collections are not representa-
tive of the entire length of the collecting ducts, be-
cause 13% of the filtered sodium and water were
present in the papillary base sample obtained at 0.6
mm from the papillary tip [401, which implies the
delivery of 100% of filtrate 2 to 3 mm upstream in
the ducts.
The cause of the decreased medullary collecting
duct reabsorption and net entry of sodium and wa-
ter observed during POD is not established [55].
Circulating natriuretic factors are clearly not re-
sponsible, for the defect was not found in rats ren-
dered uremic by 24 hours of total intravenous urine
reinfusion. Undoubtedly, an important factor is loss
of the medutlary solute concentration gradient, re-
sulting in part from decreased reabsorption in the
loop of Henle and increased medullary blood flow
as described earlier. Increased concentration of
urea in fluid entering the collecting duct could also
contribute. Direct effects of increased intrapelvic
pressure on membrane permeability or differences
in hydrostatic pressure between the medullary in-
terstitium and collecting duct lumen may also be in-
volved.
The differences in intrinsic renal pathophysiology
between BUO and UUO kidneys, which are re-
sponsible for the phenomenon of postobstructive
diuresis, could be the result of differing direct ef-
fects of BUO and UUO on renal function and/or dif-
ferences in body fluid volumes and composition.
The experimental data indicate that POD occurs on-
ly in the presence of extrarenal factors, including
volume expansion, urea retention, and possibly un-
identified uremic natriuretic factors. Experiments
using cross-circulation techniques [57] and studies
using urine reinfusion to create a state of functional
"anuria" [58] indicate that rats with BUO have po-
tent circulating natriuretic factors that are not de-
tected in animals with UUO. Volume expansion
may enhance POD [59] but could not explain the
differences between BUO and UUO during cross-
circulation. Solute diuresis with mannitol may elicit
a postobstructive diuresis from the UUO kidney
[60]. Urea is an important factor in POD but may
not account for all of the natriuretic activity [57,
58]. Natriuretic factors other than urea have been
demonstrated in the serum and urine of patients
with chronic uremia [61—63], and similar factors
may play a role in POD. Urea and other circulating
natriuretic factors in POD appear to act by inhibi-
tion of tubular reabsorption in nephron segments
proximal to the medullary collecting duct [55].
The principal mechanisms that determine post-
obstructive diuresis after relief of complete bilateral
ureteral obstruction, therefore, appear to be (1) cir-
culating natriuretic factors, including urea, that ac-
cumulate in uremia and decrease reabsorption of
sodium and water in the loop of Henle and distal
tubule of surface and deep nephrons (such natriu-
retic factors may act by changing renal vascular re-
sistance and altering physical factors in the pen-
tubular capillaries, or may have a more direct effect
on tubular transport but, in any case, result in great-
er delivery of filtrate to the collecting ducts after
relief of BUO than UUO) and (2) impaired collect-
ing duct function, with decreased reabsorption or
actual net entry of sodium and water, which is prob-
ably due to the reduced medullary solute concentra-
tion gradient and also more direct effects of in-
creased hydrostatic pressure on membrane per-
meability or membrane transport.
Potassium excretion
Potassium excretion, both absolute and fraction-
al, is markedly decreased from the UUO kidney af-
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ter relief of 24-hour obstruction. This abnormality
has been attributed to a decrease in sodium delivery
and in tubular flow rate in the distal nephron [56].
There may also be an intrinsic defect in the distal
potassium secretory mechanism, for decreased po-
tassium excretion persisted when distal delivery
was increased with volume expansion or sodium
sulphate administration [64].
Potassium excretion, both absolute and fraction-
al, is increased during POD in the rat. Potassium
reabsorption in the proximal tubule and ioop of
Henle was not altered, but increased secretion oc-
curred along the distal tubule during POD, and fur-
ther addition of potassium occurred between the
surface distal tubule and final urine [56]. In deep
nephrons, no difference in fractional potassium
reabsorption to the bend of the loop of Henle was
found [40], suggesting a pattern of reabsorption sim-
ilar to surface nephrons. In the medullary collecting
duct, a marked increase in the fraction of filtered
potassium entering the duct was found, with a fur-
ther increase along the duct [55], but in the papillary
collecting duct no further potassium addition was
seen [40]. The increased potassium secretion in the
distal tubule and collecting duct during POD is re-
lated probably to increased tubular fluid flow rate,
increased sodium load, and increased plasma potas-
sium. Electrical potential difference across the sur-
face distal tubule epithelium was not increased [56].
Urine acidification
Impaired urine acidification has been observed in
patients after relief of unilateral [65, 66], bilateral
[67], or solitary kidney [68] obstruction. In the pres-
ence of postobstructive diuresis, proximal bicarbo-
nate-wasting renal tubular acidosis has been report-
ed [68], but most studies suggest a form of distal
renal tubular acidosis with inability to lower the
urine pH normally in response to acidemia.
After relief of 24-hour UUO in the rat [69] or in
the dog [64], urine pH and fractional bicarbonate
excretion are higher from the postobstructive kid-
ney, whereas bicarbonate loading shows normal or
increased bicarbonate reabsorption rates in the
post-obstructive kidney. Walls et al [69] found no
significant change in fractional bicarbonate reab-
sorption in the proximal and distal tubules of sur-
face nephrons and no increase in splay of the bi-
carbonate titration curves to suggest impaired reab-
sorption in deep nephrons. These results, together
with the low urine Pco2 values after bicarbonate
loading, suggested that there was defective hydro-
gen ion secretion (or bicarbonate reabsorption) in
the collecting duct to account for the increased frac-
tional bicarbonate excretion, although an abnormal-
ity injuxtamedullary nephron function could not be
excluded. Subsequent demonstration of impaired
reabsorption of sodium and water in the deep neph-
rons [27] strengthens the possibility that this is a
contributory factor to the decreased fractional bi-
carbonate reabsorption in the post-UUO kidney.
Thirakomen et al [64] also observed a low urine
minus blood (U-B) Pco2 gradient during bicarbo-
nate administration and phosphate loading, when
urinary bicarbonate and phosphate concentrations
were similar to control values. They noted that so-
dium sulphate administration decreased urine pH in
both normal and post-UUO kidneys in the dog, but
urine pH remained significantly higher from the
post-UUO kidney. By contrast, in the rat, ammo-
nium chloride administration resulted in normal
acidification of the urine from the post-UUO kidney
[69].
After release of BUO in the rat, urine acidification
was less affected than it was after UUO, and this
difference was attributed to the fact that BUO ani-
mals are acidemic with a low filtered bicarbonate
load [69]. Thus, the distal delivery of bicarbonate is
important in determining hydrogen ion secretion in
the distal nephron, and an acidification defect may
only be clearly seen in the postobstructive kidney
when there is adequate bicarbonate delivery to this
nephron segment.
Phosphate excretion
Phosphate excretion by the UUO kidney is
markedly decreased despite an increase in the frac-
tional excretion of sodium [70, 71]. Decreased phos-
phate excretion was not due to a refractory state of
the renal tubule to the action of parathyroid hor-
mone (PTH) [70, 71]. Decreased phosphate excre-
tion may be simulated by acute renal arterial con-
striction [71], and phosphate excretion may be in-
creased by volume expansion [71], contralateral
nephrectomy, or BUO [70]. Thus, the low filtered
load of phosphate was an important factor in the
decreased phosphate excretion by the post-UUO
kidney. In addition, enhanced phosphate reabsorp-
tion probably occurs in the proximal tubule, similar
to the enhanced reabsorption of sodium and water
in this nephron segment, with decreased fractional
reabsorption of sodium and water occurring in the
deep nephrons and/or collecting ducts.
After relief of BIJO, phosphate excretion, both
absolute and fractional, is increased and the
phosphaturia is not altered by exogenous PTH [72].
Both phosphaturia and PTH responsiveness are re-
stored by correction of hyperphosphatemia, sug-
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gesting the importance of filtered phosphate load in
determining phosphaturia.
Urine concentrating ability
Impaired ability to concentrate the urine is a
characteristic feature of obstructive nephropathy
whether urinary tract obstruction has been acute or
chronic, unilateral or bilateral, complete or partial.
The only exception is seen during acute partial ob-
struction as discussed previously, when it was
noted that urine osmolality increased and sodium
concentration decreased due to increased tubular
reabsorption [30, 33, 73].
Complete UUO at high intrapelvic pressure (100
mm Hg) for only 5 to 10 mm in the dog results in a
decrease in osmolality of the urine after relief of ob-
struction, which lasts for several hours and is asso-
ciated with decreased tissue solute and increased
water content in the papilla [74, 75]. Occlusion of
the renal artery during the period of ureteral ob-
strl!ction did not prevent the defect [74, 761, and
there was no net loss of solute from the medulla
during obstruction, suggesting that continued blood
flow during obstruction (medullary washout) was
not responsible. Increased hydrostatic pressure
within the renal pelvis appeared to be necessary for
the concentrating defect because it was not ob-
served at low rates of urine flow unless ureteral
clamping was prolonged.
The decrease in urine concentrating ability after
relief of 24-hour UUO is undoubtedly multifactorial
and may result from (I) decreased total GFR and
increased fractional reabsorption in outer cortical
nephrons [23, 53], which results in decreased solute
delivery to the medulla, (2) a relative or absolute
increase in medullary plasma flow [8, 27] although
GFR remains suppressed, (3) decreased fractional
reabsorption of fluid in the deep nephrons [27]. Pos-
sible additional factors are (4) removal of medullary
solutes by increased lymphatic flow [77] and (5) pas-
sive diffusion of papillary solutes into the pelvic
urine because of compression from increased intra-
pelvic pressure. In combination, these factors lead
to (6) decreased or absent medullary interstitial sol-
ute concentration gradient. Finally, (7) collecting
duct water reabsorption is largely unresponsive to
ADH [78] and vasopressin-sensitive adenyl cyclase
or urine cyclic AMP do not increase after exoge-
nous vasopressin [79]. This vasopressin in-
sensitivity, together with decreased medullary in-
terstitial solute concentration, results in decreased
water reabsorption from the collecting duct.
After relief of bilateral ureteral obstruction, there
are the additional effects of(a) decreased fractional
reabsorption in both surface and deep nephrons, re-
sulting in the delivery of a relatively large volume of
less concentrated filtrate to the collecting ducts, (b)
urea diuresis increasing the osmotic load per neph-
ron and decreasing water reabsorption distally, and
(c) perhaps a greater direct effect on collecting duct
transport due to the more sustained increase in in-
trapelvic pressure.
Sodium-potassium-ATPase activity is decreased
in the BUO kidney with POD, but this decrease be-
comes apparent only 24 hours after relief of ob-
struction when marked functional changes are al-
ready present [80]. A similar decrease in enzyme
activity occurs in the UUO kidney without POD
[81, 82]. The decrease in Na-K-ATPase, which is
more marked in the outer medulla of the kidney,
may be secondary to decreased medullary tissue os-
molality [83], decreased filtered sodium load, or di-
rect tubular damage, and may contribute to the de-
creased sodium reabsorption and concentrating
ability in the post UUO or BUO kidney.
In chronic hydronephrosis, urine concentrating
ability is characterized by decreased maximum
urine osmolality, decreased free water reabsorption
(TcH2O) related to osmolar clearance, and normal
or increased free water clearance (CH2O) related to
urine flow [33, 47, 84]. Medullary hypertonicity is
decreased or absent [85]. Micropuncture studies
during hypotonic saline loading [47] indicate that in-
creased CH2O/GFR from the chronically hydro-
nephrotic kidney was not due to increased sodium
delivery from the proximal tubule of surface neph-
rons but was probably related to decreased water
reabsorption in the distal tubule or collecting duct,
or possibly in juxtamedullary nephrons. Con-
centrating ability in a solitary hydronephrotic kid-
ney (analagous to partial bilateral obstruction) was
decreased in comparison to a solitary remnant kid-
ney with a similar GFR [4], indicating the impor-
tance of impaired medullary function. Medullary
blood flow, deep nephron, and collecting duct func-
tion have not been examined directly in chronically
hydronephrotic kidneys but almost certainly are
disturbed markedly by the anatomic changes that
are present [3]. In addition, increased free water
clearance related to urine flow suggests that abnor-
mal permeability of the collecting duct epithelium
plays a role in the concentrating defect.
Role of prostaglandins, renin-angiotensin, and renal
nerves
Recent results indicate a probable role of the in-
trarenal prostaglandins in mediating certain of the
changes in renal function occurring during ureteral
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obstruction. Olsen, Magnussen, and Eilertsen [86]
reported that elevation of ureteral pressure in-
creased renal blood flow and urinary PGE2 excre-
tion in the anesthetized dog and that indomethacin
prevented these changes. Blackshear and Wathen
[87] and Cadnapaphornchai et al [88] showed that
indomethacin blocked both the vasodilatation and
the marked increase in renin secretion rate occur-
ring with temporary ureteral occlusion, and Allen,
Vaughan, and Gillenwater [89] also observed that
the increase in ureteral pressure was markedly di-
minished. Edwards and Suki [90] reported that in-
domethacin prevented the redistribution of renal
blood flow occurring with increased ureteral pres-
sure from acute partial UUO but had no effect on
the decrease in GFR and sodium excretion. Pre-
vention by indomethacin of the increase in RBF
that occurs in the first 3 hours after BUO has also
been observed [91]. Thus, there is considerable evi-
dence that prostaglandins may mediate the immedi-
ate vasodilatation, presumably of afferent arteri-
oles, and the coincident release of renin that occur
with acute ureteral occlusion in anesthetized ani-
mals. It has also been suggested that intrarenal
prostaglandins mediate the compensatory increase
in RBF and GFR in the contralateral kidney occur-
ring after relief of 24-hour UUO [92].
The studies of Nishikawa, Morrison, and Needle-
man [93] have provided direct evidence of increased
prostaglandin synthesis in the hydronephrotic kid-
ney. Marked enhancement of PGE release was ob-
served from the isolated, perfused, chronically (3
days) and completely obstructed kidney during
stimulation by angiotensin or bradykinin. Enhanced
prostaglandin synthesis was dependent on new pro-
tein synthesis, for it was inhibited by cycloheximide
or actinomycin D [94]. These workers suggested
that increased prostaglandin synthesis occurred in
renal cortical blood vessels and subsequently
showed that isolated hydronephrotic kidneys re-
leased thromboxane A2, a short-lived potent vaso-
constrictor derivative or prostaglandin endo-
peroxides [95]. Imidazole, a specific inhibitor of
thromboxane synthetase, blocked the production of
this vasoconstrictor substance in the isolated per-
fused obstructed kidney [95]. Yarger and Harris
[96] made the interesting observation that imidazole
markedly increased the GFR of post-UUO kidneys,
a response that was not seen with indomethacin [96,
97], perhaps because this agent inhibits prostaglan-
din synthesis at the earlier cyclo-oxygenase step
and thus blocks formation of both vasodilator and
vasoconstrictor prostaglandins. It appears, there-
fore, that a vasoconstrictor prostaglandin, thrombo-
xane A2, contributes to the increase in renal vascu-
lar resistance, which begins a few hours after com-
plete UUO, is marked after 24 hours, and persists
after relief of obstruction.
In contrast to the possible role of vasoconstrictor
prostaglandins in mediating the increased vascular
resistance of severe obstruction, it appears that
vasodilator prostaglandins may be important in
maintaining GFR in a model of mild partial UUO of
4 weeks' duration [5]. After prostaglandin inhibi-
tion, there was a fall in SNGFR and nephron plasma
flow, suggesting that intrarenal prostaglandins were
acting as a vasodilator and antagonizing a local
vasoconstrictor substance. Because thromboxanes
should also be inhibited by indomethacin and
meclofenamate, and because angiotensin II (All) is
known to reduce the ultrafiltration coefficient, Kf, a
change that was observed with mild partial UUO,
Ichikawa and Brenner [5] concluded that vaso-
constrictor All may be interacting with vasodilator
prostaglandins to determine glomerular filtration
dynamics in this experimental model.
The role of prostaglandins in the pathophysio-
logic features of obstructive nephropathy, includ-
ing the altered sodium excretion and the defect
in urine concentration, requires further study. Ii-
hoshi et al [98] have found that 7 days of partial uni-
lateral obstruction was associated with increased
PGE2 in the medulla but not the cortex of the hydro-
nephrotic kidney, and that this increase in PGE2
correlated with the changes in urine flow and os-
molality.
Increased plasma renin occurs immediately after
UUO in the dog [99] and could be involved in the
altered renal hemodynamics observed. Partial renin
depletion by DOCA and salt loading did not prevent
the acute hemodynamic changes [100], and marked
renin depletion by chronic salt loading [101] had no
beneficial effect on the decreased RBF and GFR af-
ter release of 24-hour UUO in the dog. Saralasin, an
All antagonist, had an initial vasoconstrictor (agon-
ist) effect and then produced no change in the de-
creased RBF after UUO [102]. Improved GFR and
RBF in the post-UUO kidney of the rat has been
noted, however, after administration of an angio-
tensin converting enzyme inhibitor [103], suggest-
ing that there is a possible vasoconstrictor role for
the All in the postobstructive kidney. Further data
is required.
Renal afferent nerve activity is increased by ele-
vated ureteral pressure [104], and increased efferent
sympathetic nerve activity enhances the tubular
reabsorption of sodium [105]. Renal denervation,
however, does not prevent the increased sodium
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reabsorption that occurs with a mild increase in ure-
teral pressure due to partial obstruction [106].
There is evidence that the compensatory vasocon-
striction occurring in the contralateral normal kid-
ney during ureteral occlusion is mediated by in-
creased nerve activity [107] and that renal nerve ac-
tivity contributes to the vasoconstriction seen after
relief of 24-hour UUO [108]. There is a significant
increase in GFR, RBF, urine flow, and sodium ex-
cretion with acute denervation after relief of UUO,
but no such response is seen in BUO kidneys under-
going postobstructive diuresis [109]. Renal tissue
catecholamines are markedly decreased in the BUO
kidney but are normal in the UUO kidney. The im-
plication of these findings for the mechanism of
postobstructive diuresis remains to be clarified.
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